The ;21 nucleotide microRNAs (miRNAs) are one type of well-defined small RNA species, and they play critical roles in various biological processes in organisms. In plants, most miRNAs exert repressive regulation on their targets through cleavage, and a number of miRNA-target pairs have been validated either by modified 5# RACE (rapid amplification of cDNA ends), or by newly developed high-throughput strategies. All these data have greatly advanced our understanding of the regulatory roles of plant miRNAs. On the other hand, deep insights into miRNA precursor processing, and miRNA-or miRNA*-mediated self-regulation of their host precursors could be gained from high-throughput degradome sequencing data, based on the general framework of miRNA generation in plants.
Background
MicroRNAs (miRNAs), one type of well-characterized small RNAs, are ;21 nucleotides in length and exert their regulatory effects on downstream targets through posttranscriptional or translational repression in organisms (Carthew and Sontheimer, 2009; Voinnet, 2009 ). In plants, most target transcripts are cleaved by their upstream miRNA regulators (Jones-Rhoades et al., 2006; Voinnet, 2009) . To thoroughly elucidate the biological roles of each miRNA, both miRNA cloning and target validation are required. Considering the aforementioned cleavage effects of plant miRNAs on target mRNAs, modified 5# RACE (rapid amplification of cDNA ends) was widely employed for target confirmation and cleavage site mapping (Jones-Rhoades et al., 2006) . However, this method is only applicable for fine-scale purposes, and it will be laborious, time-consuming, and costly if it is intended to verify numerous miRNA-target pairs. Fortunately, a high-throughput method combining modified 5# RACE with the next-generation sequencing technology was developed, and has greatly enhanced our capacity for target validation. Recently, PARE (parallel analysis of RNA ends) has been adopted by several research groups for plant degradome sequencing (Addo-Quaye et al., 2008; German et al., 2008; Li et al., 2010) . Excluding the degradation remnants generated during RNA sample preparation, a large portion of degradomes are derived from miRNA-mediated 3# cleavage products of the target transcripts. Thus, the sequencing technology is a powerful approach for large-scale miRNA-target pair validation in planta, thanks to their special features including transcriptome-wide sequencing and quantitative detection. Based on these high-throughput degradome sequencing data, numerous miRNA-target pairs, including previously verified and not yet uncovered pairs, have been confirmed (Addo-Quaye et al., 2008; German et al., 2008; Li et al., 2010) .
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MiRNA precursor processing
Here, the focus is on the related research work carried out in rice (Oryza sativa) recently . Besides a number of miRNA targets validated by degradome sequencing, Li et al. (2010) also investigated the distribution patterns of the degradome signatures derived from miRNA precursors. It is an ingenious utilization of plant degradome sequencing data for the study of miRNA precursor metabolism, which has been performed in Arabidopsis thaliana previously (German et al., 2008) .
According to the classical miRNA biogenesis procedure, DCL1 (Dicer-like 1) carries out two sequential cleavages converting pri-miRNA (primary miRNA) to pre-miRNA (precursor miRNA), then to miRNA/miRNA* duplex (Jones-Rhoades et al., 2006; Voinnet, 2009) (Fig. 1) . DCL1 is one type of RNase III-like enzymes with double-stranded RNA-specific binding activity (Jones-Rhoades et al., 2006; Ji, 2008) . During miRNA generation, two DCL1-mediated sequential cleavages occur on the stem region of an miRNA precursor, finally creating 5#-terminal phosphate groups and 3# overhangs of two nucleotides on both strands of the miRNA/miRNA* duplex (Ji, 2008) . The resulting short RNA duplex contains functional miRNA that subsequently was loaded into AGO (ARGONAUTE)-associated RISC (RNA-induced silencing complex), and miRNA* that generally was subjected to degradation, although some with potential functions have been detected (Buhtz et al., 2008; Voinnet, 2009) . To date, the general model of miRNA biogenesis has been well depicted in both plants and animals (Carthew and Sontheimer, 2009; Voinnet, 2009 ).
However, further insights into the procedure of miRNA precursor processing remain lacking. In the research of Li et al. (2010) , one use of rice degradome sequencing data is to investigate the DCL1-mediated cleavage patterns on the miRNA precursors. The short reads derived from the rice degradome were only mapped to the pre-miRNAs, since no exact sequence information regarding the pri-miRNAs is available. Six different patterns were detected: signatures mapped to (i) the 5# ends and (ii) the 3# ends of miRNAs, (iii) the 5# ends and (iv) the 3# ends of miRNA*s, (v) the middle of miRNAs or miRNA*s, and (vi) other random positions. The first four patterns were suggested to be DCL1-mediated cleavages, whereas the latter two were proposed to be AGO-mediated cleavages or some other types of slicing events . These data provide valuable hints to uncover the detailed picture of DCL1-guided two-step cleavage action on miRNA precursors. As a result, the researchers demonstrated that the unique cleavage patterns could be used to distinguish miRNA loci from endogenous siRNA (small interfering RNA) loci (Ji, 2008) . However, here, some significant concerns about this intriguing finding should be raised. As illustrated in Fig. 1 , two different distribution patterns of miRNA/miRNA* duplexes could exist on the miRNA precursors: the miRNA locates on the left arm of a stem-loop precursor, and its miRNA* on the right, and vice versa. Considering the previous notion that DCL1-mediated cleavages occur on each strand of the stem region (Ji, 2008) , the first-step cleavages should occur on both arms and are more likely to be not simultaneous ( Fig. 2A, B) . Thus, the resulting 3# Fig. 1 . General framework of DCL1 (Dicer-like 1)-mediated miRNA biogenesis in plants. The two-step DCL1-guided miRNA precursor processing, converting pri-miRNAs (primary miRNAs) to pre-miRNAs (precursor miRNAs) (cleavage step C1), and then to miRNA/miRNA* duplexes (C2), is shown. For traditional high-throughput degradome sequencing, the 3# cleavage remnants with 5# phosphate groups and 3# poly(A) tails are extracted for subsequent RNA adaptor ligation, oligo d(T)-primed first-strand cDNA synthesis, PCR amplification, and final sequencing. The sequencing data are useful for the investigation of miRNA precursor metabolism by mapping them to the premiRNAs. Two different types of miRNA precursors, miRNA-right/miRNA*-left and miRNA-left/miRNA*-right, are shown.
cleavage products with poly(A) tails could be cloned by high-throughput sequencing, but not for the remnants without poly(A) tails generated by the second-step cleavages owing to the technical feature [oligo d(T)-primed firststrand cDNA synthesis] of the current degradome sequencing (Addo-Quaye et al., 2008; German et al., 2008; Li et al., 2010) . From this point of view, theoretically, cleavage signals mapped to the 5# ends of miRNA*s and the 3# ends of miRNAs should be predominantly detected for the miRNA-right/miRNA*-left pre-miRNAs (Fig. 2C) , and the 5# ends of miRNAs and the 3# ends of miRNA*s for the miRNA-left/miRNA*-right pre-miRNAs (Fig. 2D) . Surprisingly, some contradictory results were obtained in the current research in rice . For example, more than two or even the four types of the cleavage signals classified above were clearly detected in a specific premiRNA. To our knowledge, these unimaginable results would not be caused by methodological problems in the study of Li et al. (2010) , since the sliced poly(A)-tailed remnants which were used for cDNA library construction, had been adopted by several previous experiments (AddoQuaye et al., 2008; German et al., 2008) . Notably, there are three possible reasons to explain the resulting observation: (i) undesirable RNA degradation during sample preparation; (ii) a large portion of the short reads mapped to the pre-miRNAs are not unique, that is, each signature has multiple loci on the rice genome, and it will confound their genomic origins; and (iii) although the current model of miRNA biogenesis has been well studied and is thought to be conserved between plants and animals to some extent (JonesRhoades et al., 2006; Carthew and Sontheimer, 2009; Voinnet, 2009) , certain novel procedures not yet revealed could result in these currently unexplained results. Indeed, all these hypotheses raised here need to be clarified.
Additionally, two-thirds of cleavage signals were mapped precisely to the 5# ends of the mature miRNAs. One possibility is that the miRNA-left/miRNA*-right premiRNAs are the dominant portion of the rice pre-miRNAs. However, our statistical result showing that only 190 out of 451 reported rice mature miRNAs (sequence information from miRBase release 14, http://www.mirbase.org/cgi-bin/ mirna_summary.pl?org¼osa) (Griffiths-Jones et al., 2006) locate on the left arms of the stem-loop pre-miRNAs does not support this hypothesis. Thus, the reason why most of the cleavage events occurred at the 5# ends of the miRNAs should be further investigated.
Self-regulation
Another observation that cleavage signals in the middle of either miRNA-or miRNA*-coding loci on the pre-miRNAs (Fig. 3A) could hardly be detected indicates that miRNAor miRNA*-mediated self-regulation of their host precursors may not be widespread in rice . However, this kind of self-regulation has been previously demonstrated in Arabidopsis based on the degradome PARE sequencing data (German et al., 2008) . Here, the discrepancy between rice and Arabidopsis is further validated by using additional rice degradome sequencing data sets retrieved from the plant MPSS (massively parallel signature sequencing) databases (http://mpss.udel.edu/rice_ pare/) (Nakano et al., 2006; Zhou et al., 2010) . The short reads were mapped to the pre-miRNAs. As a result (unpublished), the cleavage signals surrounding the middle of miRNA-or miRNA*-coding loci were detected on several pre-miRNAs in both Arabidopsis and rice, such as ath-MIR161 and osa-MIR445d (Fig. 3B) . It was recognized that the rapid degradation of sliced miRNA precursors could increase the difficulty in their cloning and sequencing. However, the observed miRNA-or miRNA*-mediated selfregulation of certain miRNA precursors, although not widespread, indicates that this mechanism exists in both Arabidopsis and rice, and may extend to other plant species.
Conclusion
In this short opinion paper, the focus has been on the detailed picture of DCL1-mediated miRNA biogenesis and miRNA-or miRNA*-mediated self-regulation of their host precursors partially unveiled by degradome sequencing data based on the current reports in plants. Considering the aforementioned notions, a negative feedback regulatory circuit is likely to form between miRNA precursors and miRNAs and/or miRNA*s, which could be involved in the metabolic balancing of miRNA gene expression (Fig. 3C) . Most miRNA genes were demonstrated to be transcribed by Fig. 2 . Two types of cleavage signals reflecting the DCL1 (Dicerlike 1)-mediated first-step cleavages of a specific pri-miRNA (primary miRNA) could be detected theoretically. The first-step cleavages occurring on both strands of the stem regions of the primiRNAs may not be simultaneous, and will result in two types of 3# poly(A)-tailed cleavage products (C1# and C1##). For miRNA-right/ miRNA*-left pri-miRNAs (A), signatures mapped to the 5# ends of miRNA*s and the 3# ends of miRNAs reflect the two independent cleavage events (C). For miRNA-left/miRNA*-right pri-miRNAs (B), signatures mapped to the 5# ends of miRNAs and the 3# ends of miRNA*s represent the two cleavage signals (D).
RNA polymerase II, and their promoters share common characteristics with those of protein-coding genes (Lee et al., 2004; Meng et al., 2009) . Thus, the expression of miRNA genes must be subjected to transcriptional regulation. On the other hand, their expression could also be modulated at the post-transcriptional level, such as DCL1-mediated processing, and exportation of miRNA/miRNA* duplexes to the cytoplasm, both of which can serve as rate-limiting steps (Jones-Rhoades et al., 2006; Voinnet, 2009) . In addition to these classical regulatory nodes, the study of Li et al. (2010) and a previous report in Arabidopsis (German et al., 2008) lead to another proposed regulatory option: that the overproduction of miRNA precursors will result in overaccumulation of miRNAs or miRNA*s, which could in turn recognize their host precursors as the downstream targets. In other words, the more precursors that accumulate, the more miRNAs or miRNAs* will be generated, and then these excessive precursors will be subject to degradation after miRNA-or miRNA*-mediated cleavages. Hence, the negative feedback regulatory circuit formed between certain precursors and their miRNAs or miRNA*s could serve as an in vivo buffering system to ensure appropriate levels of the functional miRNAs or maybe the miRNA*s. Intriguingly, both miRNA or miRNA* generation and the cleavages of their precursors, which are two essential components of the feedback loops, could be partially elucidated by currently developed highthroughput degradome sequencing. , and the lower panel shows osa-MIR445d. For both panels, black horizontal lines represent the respective pre-miRNAs, and the miRNAs and the miRNA*s are represented by pink and blue short lines, respectively. The signatures indicated by short arrows from various data sets (the seven sequencing data sets of Arabidopsis are accessible at http://mpss.udel.edu/at_pare/, and the three data sets of rice can be retrieved from http://mpss.udel.edu/rice_pare/ and the fourth data set from Gene Expression Omnibus at http://www.ncbi.nlm. nih.gov/geo/ by accession number GSE17398) were mapped to the pre-miRNAs. The asterisks denote the potential cleavage sites generated by miRNA-or miRNA*-mediated self-regulation, and the triangles represent theoretically deduced slicing sites produced during the first step of DCL1-mediated miRNA precursor processing. (C) Feedback regulatory circuit between miRNA precursors and miRNAs and/or miRNA*s. The regulatory relationships could be partially revealed by high-throughput degradome sequencing.
